1. Introduction
===============

Ameloblastoma is a slowly growing, locally aggressive epithelial odontogenic tumor of the jaw, with a propensity to recur but virtually no tendency to metastasize.^\[[@R1]\]^ According to the classification of tumors by the World Health Organization, the variants of ameloblastomas can be designated ameloblastoma, unicystic ameloblastoma (UA), extraosseous/peripheral ameloblastoma, and metastasizing (malignant) ameloblastom.^\[[@R1]\]^ Among the intraosseous ameloblastomas, 5% to 22% are the clinicopathological subtype known as UA.^\[[@R2]\]^

UA is an ameloblastoma variant that presents as a cyst with clinical and radiological characteristics of an odontogenic cyst, typically unilocular radiographic appearance, less aggressive behavior, and better response to conservative treatment. A histological examination shows a typical ameloblastomatous epithelium lining part of the cyst cavity, with or without luminal and/or mural tumor proliferation.^\[[@R2],[@R3]\]^

The management of ameloblastoma is controversial because the biological behavior of this disease is unique. It is a slowly growing, locally invasive tumor with a high rate of recurrence. The management currently recommended for UA includes curettage with peripheral ostectomy. However, this can lead to subsequent bone defects. Marsupialization, a form of decompression, is another method for treating UA. The aim of marsupialization is to reduce the size of the UA so that less extensive surgery is required.^\[[@R4]\]^ Although many researchers have used marsupialization and curettage to treat UA, the inconsistent effectiveness of the technique remains its greatest drawback.

The TP53 protein is the product of the tumor suppressor gene *TP53*, and functions in G1 arrest to allow the repair of DNA damage and to prevent the cell from entering the S phase of the cell cycle, or alternatively to guide the damaged cell to apoptosis.^\[[@R5]\]^ The expression of TP53 is closely related to the prognosis of many kinds of tumors, including breast, gastric, and lung cancers.^\[[@R6]--[@R8]\]^ Interleukin-1 (IL-1) is a major upstream proinflammatory ("alarm") cytokine that affects immunity and hematopoiesis by inducing cytokine cascades.^\[[@R9]\]^ As reviewed by Lewis et al,^\[[@R10]\]^ IL-1 expression is elevated in human breast, colon, lung, head, and neck cancers and melanomas, and patients with IL-1-positive tumors generally have poor prognoses.

In this study, we evaluated the clinical effects of marsupialization in the treatment of UA, and also investigated the relationship between TP53 and IL-1α expression and prognosis after treatment with marsupialization.

2. Methods
==========

This retrospective study was performed between January 2003 and June 2014, and was approved by the Ethics Committee of the Ninth People\'s Hospital, Shanghai Jiao Tong University School of Medicine (Shanghai, China). All the patients in the study were diagnosed with mandibular UA, which was confirmed with histological and imaging examinations. Each patient underwent a full course of treatment, including marsupialization and curettage with peripheral ostectomy, with complete imaging examinations before marsupialization, during the follow-up period, and after curettage. The period between the 2 operations (marsupialization and curettage with ostectomy) was determined by the degree of jaw-bone regeneration after marsupialization. The patients were followed-up every 3 months for at least 60 months after curettage, with strict radiographic follow-up.

During marsupialization, we removed a window of the cyst lining for histological analysis, with or without the removal of several teeth, and an obstructor was then made to preserve the opening until the curettage operation. Frequent irrigation was required to keep the cyst cavity clean. Patients were required to undergo clinical and radiographic examinations every 3 months to observe the degree of jaw-bone regeneration. Once the lesion was no longer shrinking, we curetted the lesion and performed peripheral ostectomy.

During curettage, we not only curetted the neoplastic lining, based on dental computerized tomography (CT), but also removed at least 0.5 cm of the mandible bone to obviate any potential tumor recurrence. We use CT scanning to evaluate the shrinkage (as the reduction in diameter), and the treatment response was evaluated based on the changes in the tumor diameter before and after marsupialization. The treatment responses were divided into 3 groups: good, partial, and none.^\[[@R11],[@R12]\]^ A reduction in the maximum diameter of \>50% was defined as good, of 26% to 50% was defined as partial, and of \<25% was defined as none, as assessed with a CT scan (Fig. [1](#F1){ref-type="fig"}).

![The radiographs (A) before marsupialization and (B) 8 months after marsupialization.](medi-97-e9795-g001){#F1}

2.1. Immunohistochemistry (IHC)
-------------------------------

A prediluted anti-TP53 antibody (clone DO-7; product code M7001; Glostrup, Dako, Denmark) and anti-IL-1α antibody (Abcam Anti-IL1 alpha antibody \[AS5\]; product code ab17281; Abcam, Cambridge, MA) were used for immunohistochemical staining. The tissues were first sequentially blocked with 3% hydrogen peroxide and normal serum. The tissue sections were incubated with the anti-TP53 antibody (1:200) or the anti-IL-1α antibody (1:50) at 4°C overnight and then with a biotinylated secondary antibody (EnVision Detection System Peroxidase/DAB+, Rabbit/Mouse; product code: K5007; Dako). Freshly prepared 3,3′-diaminobenzidine (DAB) was used to visualize the antigen--antibody reaction and hematoxylin was used for counterstaining. Oral squamous cell carcinoma was used as the positive control for TP53 and IL-1α staining, and PBS was used instead of the primary antibody solution in the negative control.

2.2. Evaluation of immunohistochemical staining
-----------------------------------------------

The cells were considered positive for the TP53 and IL-1α antigens if they displayed intranuclear DAB staining. The TP53 and IL-1α histological scores (H) were calculated according to Fromowitz as: H = P + i, where i is the intensity of staining (from 0 for negative cells to 3 for highly stained cells), and P is the percentage of positive cells, where *P* values of 0, 1, 2, 3, and 4 indicate 0% to 5%, 6% to 25%, 26% to 50%, 51% to 75%, and \>75% positively stained cells, respectively. A minimum of 1000 cells were counted in each section. Tissue sections were scanned at 100× magnification for the most heavily labeled TP53- and IL-1α-positive cells in the epithelial linings. The cells were counted in 10 randomly selected fields on images at 400× magnification with conventional light microscopy, by 2 observers. Histological scores of 0--3 were considered negative, and scores of 4--7 were considered positive.

2.3. Statistical analysis
-------------------------

Data concerning the demographic, therapeutic, and experimental information were analyzed statistically with SPSS 16.0 for Windows, with a *χ*^2^ test, independent-samples nonparametric test, and Fisher exact test. The level of statistical significance was set at *P* \< .05.

3. Results
==========

The clinical characteristics of the patients are shown in Table [1](#T1){ref-type="table"}. The study population consisted of 27 females and 21 males. The majority (66.67%) of patients were \>18 years old. The lesion locations were: anterior region (6/12.50%), premolar region (8/16.67%), and molar--ramus (34/70.83%). The study included lesions with tumor diameters of 2 to 4 cm (13/27.08%), 4 to 6 cm (23/47.92%), and \>6 cm (12/25.00%). Patients were treated with marsupialization for periods of 6 to 12 months (24/50.00%), 13 to 18 months (15/31.25%), or \>18 months (9/18.75%). The average marsupialization time was 16.5 months (6--20.8 months). The percentage change in the radio density of UA ranged from −34.55% to 80.77%, with a mean reduction of 36.88%.

###### 

Patient and clinical characteristics.

![](medi-97-e9795-g002)

To evaluate the roles of TP53 and IL-1α in the progression of marsupialization in UA, we immunohistochemically stained for TP53 and IL-1α in all tumors. TP53 expression was observed in 16 patients (33.33%), but was not observed in 32 patients (66.67%). IL-1α was expressed in 33 patients (68.75%), but not in 15 patients (31.25%).

2.4. Correlations between treatment response and clinicopathological parameters in marsupialized patients
---------------------------------------------------------------------------------------------------------

The correlations between the treatment response and the clinicopathological features of the patients are summarized in Table [2](#T2){ref-type="table"}. No significant correlations were observed between age and the duration of marsupialization. Marsupialization treatment was significantly associated with lesion location (*P* \< .001), tumor diameter (*P* = .01), TP53 expression (*P* = .02), and IL-1α expression (*P* = .01). UA in molar--ramus had a better prognosis than UA in the anterior and premolar regions, and tumors \<4 cm also had a good prognosis.

###### 

Clinicopathological features of the UA patients and their primary tumors and their association with p53 and IL-1α expression.
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2.5. TP53 is overexpressed in UA and strongly associated with the efficacy of marsupialization
----------------------------------------------------------------------------------------------

IHC revealed that TP53 protein was expressed in the basal and suprabasal cell layers of UA. We analyzed the relationship between TP53 and the clinicopathological features (including the therapeutic efficacy of marsupialization treatment) of the patients with UA. In the TP53-positive group, 68.75% of patients (11/16) showed a good response to marsupialization, 6.25% (1/16) showed a partial response, and 25.00% (4/16) did not respond to marsupialization. In contrast, of the patients in the TP-negative group, only 28.13% (9/32) had a good response, 28.13% (9/32) a partial response, and 43.75% (14/32) no response to marsupialization. These results demonstrated that TP53 expression was significantly higher in the good-response group than in the partial- or no-response group (*P* = .02) (Table [2](#T2){ref-type="table"}, Fig. [2](#F2){ref-type="fig"}).

![p53 expression in UA. (A) p53 expression in the effective group (200×). (B) p53 expression in the effective group (400×). (C) p53 expression in the ineffective group (200×). (D) p53 expression in the ineffective group (400×).](medi-97-e9795-g004){#F2}

2.6. IL-1α is overexpressed in UA and strongly associated with the efficacy of marsupialization
-----------------------------------------------------------------------------------------------

IHC revealed that the IL-1α protein was expressed locally in the epithelial cell cytoplasm in UA. The H score for IL-1α expression was based on staining intensity and the percentage of positive cells. We then analyzed the relationship between IL-1α and the treatment response to marsupialization in UA. In the IL-1α-positive group, 54.55% patients (18/33) showed a good response to marsupialization, 15.15% (5/33) a partial response, and 30.30% (10/33) no response. In the IL-1α-negative group, only 13.33% (2/15) showed a good response, 33.33% (5/15) a partial response, and 53.33% (8/15) no response to marsupialization. Thus, IL-1α expression was significantly higher in the good-response group than in the partial- or no-response group (*P* = .03; Table [2](#T2){ref-type="table"}, Fig. [3](#F3){ref-type="fig"}).

![IL-1α expression in UA. (A) IL-1α expression in the effective group (200×). (B) IL-1α expression in the effective group (400×). (C) IL-1α expression in the ineffective group (200×). (D) IL-1α expression in the ineffective group (400×).](medi-97-e9795-g005){#F3}

The expression of both TP53 and IL-1α was elevated in the patients in whom the marsupialization procedure successfully minimized the tumor size, according to our criterion. The results indicated that the quantitative determination of TP53 and IL-1α predicted the outcome of marsupialization for UA.

During the follow-up period, none of the patients underwent malignant transformation. Throughout a follow-up period after curettage of at least 2 years, the recurrence rate of UA treated with marsupialization was 9.30% (4/43), and 5 patients were lost to follow-up. The recurrence rates were 5.56% (1/18) in the good-response group, 11.11% (1/9) in the partial-response group, and 12.50% (2/16) in the no-response group, which do not differ statistically significantly (*P* = .77).

4. Discussion
=============

To the best of our knowledge, this is the largest study to evaluate the therapeutic response of UA to marsupialization and to investigate the relationship between TP53 and IL-1α expression and the clinical outcome of UA treated with marsupialization. Marsupialization can relieve the pressure within UA and allow new bone to fill in the defect, achieving partial success in reducing the UA size before further definitive surgery. In the present study, 41.67% (20/48) of the total patients had a good response to marsupialization, 20.83% (10/48) had a partial response, and 37.50% (18/48) had a poor response. The lesion location and tumor diameter were significantly associated with the therapeutic efficacy of marsupialization. Patients with higher TP53 expression showed a better response to marsupialization. IL-1α was overexpressed in UA and was significantly higher in the group displaying better therapeutic efficacy.

Although UA is a variant of ameloblastoma, it is considered to have a relatively benign biological behavior and a better response to conservative treatment, resulting in a better prognosis.^\[[@R2],[@R3],[@R13]--[@R15]\]^ UA is believed to be less aggressive than ameloblastomas and to respond more favorably to conservative management, including enucleation, curettage, and marsupialization.^\[[@R15],[@R16]\]^ Marsupialization is reported to be a more effective treatment for cystic lesions than other treatments. Nakamura et al^\[[@R11]\]^ reported a series of 24 UAs treated with marsupialization, among which 16 lesions regressed to less than half their initial size. Because UA behaves less aggressively than other ameloblastomas and only recurs locally, we believe that marsupialization combined with curettage and peripheral ostectomy best maintains the continuity of the mandible and avoids mandibular-stage resection, ensuring a better quality of life for the patients. Even in the group that benefitted least, the interval between marsupialization and subsequent treatment procedures prolonged, due in part to the effects of the former treatment. According to Sampson and Pogrel,^\[[@R17]\]^ marsupialization is associated with a high recurrence rate because tumor cells may be left within the adjacent cancellous bone. However, the recurrence rate was low in our experiment. This may be because, based on our clinical experience, we curette with peripheral ostectomy to a depth of over 0.5 cm.

Why UA in the molar--ramus region benefited from marsupialization may be closely related to the anatomical structure and biomechanics of the mandible. The mandible is remodeled slowly through resorption under pressure and through bone regeneration under tension.^\[[@R18]\]^ The masticatory forces on the mandible mean that the molar--ramus receives and transmits most of the masticatory force, so the mandible undergoes the most active bone remodeling. The shape of the mandible is designed to withstand the masticatory force and transmits it to the base of the skull. Because of the mandibular anatomy, the molar--ramus bone density is greater than that in the anterior and premolar regions. This may lead to a better prognosis for UA treated with marsupialization, but further studies of this issue are required to test this proposition.

TP53 is a sequence-specific transcription factor that regulates the expression of many target genes. The biological functions of TP53 include the induction of cell-cycle arrest, apoptosis, or senescence in response to diverse stresses, thereby preventing cells from undergoing malignant transformation and tumorigenesis.^\[[@R19]--[@R22]\]^ The TP53 protein has a very short half-life and cannot be detected in normal tissues with immunohistochemical techniques, whereas a *TP53* gene mutation produces a protein with increased stability. The mutation of *TP53* is common in a wide range of human tumors and results in a more stable protein, allowing its detection with IHC. The level of TP53 expression in ameloblastoma is significantly higher than in the normal oral mucosa or in any other cystic lesion of the jaw.^\[[@R23]\]^ Previous research has shown that high TP53 expression indicates a poor prognosis in cancer patients, suggesting increased locally invasive behavior of the tumor and higher mitotic activity in epithelial cells. However, in our study, high TP53 expression predicted a better response to marsupialization in patients with UA.^\[[@R24]\]^ Why TP53 protein expression was elevated in the group of UA patients in whom marsupialization was effective can be explained by various factors peculiar to UA. TP53 regulates the expression of vascular endothelial growth factor (VEGF); higher VEGF expression stimulates angiogenesis, ultimately promoting osteogenesis in the mandibular bones, and the newly formed bone narrows the cyst.^\[[@R25]\]^ The overexpression of TP53 protein in UA may not be solely attributable to the mutation of the *TP53* gene, but to defects in protein degradation. Alternatively, the binding of TP53 to other proteins also stabilizes TP53 within the cell. Therefore, the presence of the wild-type TP53 protein in cells may explain the resulting good prognosis and sensitivity to marsupialization.^\[[@R23],[@R26]\]^

IL-1 is a pleiotropic proinflammatory cytokine with biological activities that support its role in tumor growth.^\[[@R27]\]^ Several oncogenes, including RAS, MYC, and RET, not only mediate neoplastic transformation, but also activate intrinsic inflammatory cytokines that establish a proinvasive tumor microenvironment. Past research has shown that IL-1α plays an important role in bone resorption by inducing the production of matrix-metalloproteinase-like degradative enzymes and prostaglandins and/or the differentiation and activation of osteoclast-like cells.^\[[@R28]\]^ IL-1α may be closely related to the bone defect in UA. In this study, patients who expressed more IL-1α had a better response to marsupialization, perhaps because UA with high IL-1α expression shares the same biological behavior as odontogenic keratocysts (OKCs). In previous studies of OKC, high levels of IL-1α were found in the epithelial cells. Ninomiya et al^\[[@R29]\]^ reported that in OKC, marsupialization caused a rapid reduction in IL-1α expression and a decline in bone absorption. Therefore, the expression of IL-1α may be related to the process of bone resorption and may also indicate the presence of inflammation. The level of IL-1α expression can indicate whether the disease is in a progressive stage. Recent in vitro studies have shown that IL-1 stimulates epithelial cell proliferation directly and/or indirectly by inducing the secretion of several factors, such as keratinocyte growth factor, by interacting fibroblasts. The proliferation activity of epithelial cells is strongly related to the aggressiveness of cyst expansion in OKC.^\[[@R30]\]^ Previous research has demonstrated that IL-1α is strongly expressed in OKC, and that its expression decreases significantly after marsupialization.^\[[@R29]\]^ Many researchers have already confirmed that OKC responds well to marsupialization. Similarly, in our study, some patients with UA showed considerable sensitivity to marsupialization. Therefore, it is clear that the procedure is more effective in some patients than in others. However, the reason for this difference remains unclear. We hypothesize that the biological pattern of UA may cause small differences in the development of the disease. Further research is required to identify the cause of this phenomenon.

Extensive resection has been used to treat ameloblastomas to prevent possible recurrence, but it is associated with facial deformity and masticatory dysfunction.^\[[@R16]\]^ To optimize the therapeutic effect, a patient\'s facial esthetics, masticatory function, and quality of life must be considered. Many researchers have performed marsupialization before curettage to minimize the bone defect after surgery. However, because the effect of marsupialization varies from patient to patient, it is difficult to select the subsequent treatment when patients show a poor response in the marsupialization stage. In this study, we found that UA patients with high TP53 and IL-1α expression in the lesion responded better to marsupialization than those in whom the expression of these proteins was low, and therefore show a greater reduction of the cystic space after marsupialization.

Several of the findings of this study could contribute to the treatment of UA, improving the success rate of marsupialization and the evaluation of the prognosis of UA during the first surgery. IL-1α and TP53 levels were evaluated in pathological sections in this study. Although this procedure predicted the outcome of marsupialization, it required biopsies. A noninvasive and precise method of evaluating the expression of IL-1α and p53 is necessary to avoid overtreatment in the future.

In conclusion, our study shows that marsupialization combined with curettage and peripheral ostectomy is a good method for the treatment of UA because it maintains the continuity of the mandible, avoids or delays osteotomy, reduces the recurrence rate, and improves the patient\'s quality of life. Furthermore, UA associated with high TP53 and IL-1α expression predicts a better response to marsupialization than TP53- and IL-1α-negative UA.

Abbreviations: CT = computerized tomography, IHC = immunohistochemistry, IL-1 = interleukin-1, OKC = odontogenic keratocyst, UA = unicystic ameloblastoma, VEGF = vascular endothelial growth factor.
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